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PREFACE 
This Collaborative P a p e r  p resen t s  r e s e a r c h  performed under  t h e  auspices of 
t h e  Interact ive  Decision Analysis (IDA) P r o j e c t  in t h e  Systems and Decision Sci- 
ences  Program. The work r e p o r t e d  h e r e  extends  previous methodological studies 
of t h e  IDA P r o j e c t  on decision suppor t  systems t o  encompass considerations of 
problem s t ruc tu r ing  and knowledge representa t ion,  which are typically important 
f o r  s t r a t e g i c  planning and suppor t  of high level decision makers. 
Alexander K u r z h a n s k i  
S D  Program Leader  
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I. INTRODUCTION 
High level  managers in s t a t e  administrations and in t h e  execut ive  boards  of 
l a r g e  companies are, and will continue t o  be ,  fo rced  t o  make decisions in newiy- 
occur r ing ,  non-repeated si tuations where  t h e  s t r u c t u r e  of t h e  problem is ,  of 
necessi ty,  initially unc lea r  (e.g. making plans f o r  developing new a r e a s  of activi- 
ty ,  developing new product  mixes, selecting between competing r e s e a r c h  p ro jec t s ,  
e tc . ) .  
These so-called i l l -structured complex decision problems cannot b e  solved in 
every  c a s e  by using t radi t ional  "in-house" decision making p rocesses  and methods 
due to: 
(a)  t h e  complezity of t h e  problems, i.e. too  many conditions, const ra in ts ,  and 
consequences must b e  simultaneousiy considered (e.g. lack of r e s o u r c e s ,  
m a r ~ e t  competition, competing in te res t  groups ,  e tc . ) ;  
(b) t h e  uncertainty  r e l a t e d  t o  t h e  object ives  and p r e f e r e n c e s  of those  con- 
ce rned ,  and regarding e x t e r n a l  conditions, e tc . ;  and 
(c)  t h e  Lack of avaiLabLe information connected with t h e  complexity of t h e  prob-  
lems, t h e  uncer ta in ty ,  and th,e problem-solving methods themselves. 
The limitations of t radi t ional  methods in handling problems with t h e s e  c h a r a c -  
t e r i s t i c s  of ten  not evident t o  t h e  decision maiters, who are t h e  "problem owners" 
(Checkland, 1981), s o  t radi t ional  p rocesses  and methods a r e  quite of ten  used in 
ill-defined problem si tuations.  A s  a consequence,  t h e r e  i s  no r e g u l a r  demand f o r  
t h e  implementation of decision suppor t  systems, in teract ive  decision making o r  
methods in s t r a t e g i c  decision making. This p a p e r  provides  t h e  conceptual  f rame 
f o r  a collaborative p ro jec t  seeking some answers t o  the  question of why this is so.  
The pro jec t  is based on a contact  between IIASA and tine Hungarian Xational 
Xember Organization (the Bureau of Systems Analysis of t h e  Hungarian S t a t e  Office 
f o r  Technical Development). Brief details  of t he  organization of t.he p ro jec t  a r e  
given in the  Appendix. 
Quite a number of decision support  models and software pacitages attempt t o  
provide assistance with t he  solution of such decision problems, but many of them 
are not really used by t h e  actual  decision makers,  f o r  a number of reasons:  (i) 
some of them are too art if icial ,  using models and language tha t  are too abs t r ac t ,  
and are difficult f o r  top-level decision makers t o  understand; (ii) some of the  
models and methods do not consider t he  decision makers' own pre fe rences  and 
judgements; and (iii) a number of them a r e  not in teract ive  o r  cooperat ive ,  so tha t  
t h e  decision maker and those concerned do  not in te rac t  during the  decision-making 
process ,  e i t he r  with each o t h e r  o r  with the  decision suppor t  system chosen, o r  (iv) 
on t h e  con t ra ry ,  some of t he  methods demand t he  ac t ive  participation of t he  par -  
t i e s  involved in decision making in ways they find inconvenient, though, f o r  exam- 
ple, revealing conveniently hidden assumptions, motivations, e tc .  
II. DEXELOPMI3NT OF THE CONCEPTUAL FRAMEWORK 
Most DSSs developed and used to  da te  have been constructed fo r  occasional 
clients. In t he  fu tu re ,  an  increased demand f o r  methods of approaching ill- 
s t ruc tured  problems can be  expected.  Two main approaches  may be  identified. 
One approach  involves developing methodologies and a conscious awareness of 
decision-making methods within organizations, so  tha t  trained decision makers may 
experiment with DSSs f o r  s t ructur ing ill-defined problems independently of o the r  
individual o r  group decision-making procedures .  The o t h e r  approach invoives e m -  
ploying decision analysts from outside t he  organization concerned t o  help s t ruc-  
t u r e  t h e  decision problem and supply t h e  necessary procedures  and methods. 
For  creat ing a conceptual framework t o  inform r e s ea r ch  within this approach  
of th i s  p ro jec t  t he  following concepts have been considered to  be important. 
1. Requis i t e  Decision Modelling. 
Phillips (1982) descr ibes  t he  c r i t e r i a  required to develop a requisite decision 
model as follows: "It i s  necessary to involve a l l  those  who a r e  in some way 
responsible f o r  aspec t s  of t h e  decision in the  development of t h e  requisite 
model. The process  of building the  model is i tera t ive  and consultative, and 
when no new intuitions emerge about the  problem, t he  model is  considered t o  
be  requisite." 
Ensuring requisite decision modelling requ i res  psycnological  v a l i d a t i o n  of 
t he  decision method, descr ibed by Larichev (1984). In par t i cu ia r ,  psycnoiogi- 
ca l  validation requ i res  tha t  t h e  operations p resc r ibed  within a system aiding 
decision making at any level must match t h e  information processing capabili- 
t ies  of t he  u se r  at t h a t  level, and t h e  language h e  o r  she  empioys in exercis-  
ing these  capabilities. 
2. The cievelopment of leve ls  of r e p r e s e n t a t i o n  of d e c i s i o n  problems,  within 
which t h e  theoret ical  basis f o r  t h e  problem st ructur ing language and interac- 
tive modules are embedded and explicated,  toge ther  with a portfolio of exam- 
ples illustrating i ts  pract ical  applications (Humphreys, 1984, 1985). 
3 .  The roles  a n d  m o t i v a t i o n s  of the  p a r t i c i p a n t s  in  the dec i s ion-making  pro- 
cess  as an a l ternat ive  basis f o r  t he  selection o r  design of decision suppor t  
methods (Vari and Vecsenyi, 1984). 
m. REXIEX OF THE CURXENT STATE OF AVAILABLE DECISION THEORY AND 
RESEARCH IN REGARD TO STRUCTUmG DECISION PROBLEXS 
Dina Berkeley and Pa t r ick  Humphreys p r epa red  this review during 1981-82 
together  with an  assessment of how t h e  body of published r e sea r ch  on "heurist ics 
and biases" uses o r  misuses this material. The review was published in Acta 
Psychologica.  under  t h e  t i t le  "Structuring decision problems and t h e  'bias heuris-  
tic"' (Berkeley & Humphreys, 1982). In tha t  paper ,  Berkeley & Humphreys identi- 
fied seven dif ferent  types  of uncertainty which have t o  be  considered in generat -  
ing a representat ion of a decision problem, showing how four  of these  were taken 
explicitly into account in models within t h e  province of decision theory ,  viz.: 
(i) Uncertainty about  t h e  probabili t ies of outcomes of subsequent events,  condi- 
tional on what ha s  preceded them in t h e  act-event sequence between immediate 
a c t s  and consequences; 
(ii) Uncertainty about  t h e  probabili t ies of outcomes of subsequent events  condi- 
tional on t h e  occur rence  of o the r  events extraneous t o  t h e  sequence in (i); 
(iii) Uncertainty about  how t o  incorpora te  p r i o r  information (e.g. r esu l t s  of p r i o r  
sampling, base  r a t e  in a r e f e r ence  population) in determining t h e  probability 
of a subsequent event;  
(iv) Uncertainty about  how t o  conceptualize t h e  worth of consequences: assessing 
a consequence's utility requ i res  t h e  generation of a single number describing 
i ts  (holistic) worth. When more than one c r i t e r ion  of "worth" i s  involved, un- 
cer ta in ty  can a r i s e  about  how to combine t h e s e  c r i t e r i a .  
Berkeley & IIumpnreys identified var ious  problems associa ted  with th is  ap- 
p roach ,  showing how i ts  adoption has  led to deficiencies in t h e  vas t  majori ty of 
r e s e a r c h  associa ted  with it .  Effects  identified in t h a t  r e p o r t  were availability of 
t a sks ,  sub jec t s  and explanations;  r ep resen ta t iveness  of findings; and anchor ing 
and adjustment of explanations.  
I t  is  c l e a r  t h a t  four  lines of development in both theory  and methodology is  
urgently needed if these  implications a r e  to b e  followed up. These t h r e e  l ines con- 
ce rn :  
1. The development of problem s t ruc tu r ing  methods; 
2. Specification of knowledge represen ta t ion  in forms a p p r o p r i a t e  f o r  suppor t -  
ing t h e  opera t ion  of t h e s e  methods; 
3. Specification of levels of abs t rac t ion  in decision making t a sks ,  witn each  r e -  
la ted  t o  (i) level  of knowledge represen ta t ion  a p p r o p r i a t e  f o r  t h e  t a sk ,  and 
(ii) a n  a p p r o p r i a t e  level  of responsibil i ty in a n  organizational  context .  
These t h r e e  l ines of development a r e  intimately in te r re la ted ,  as desc r ibed  
below. 
EY. LEVELS OF REPRESENTATION OF DECISION PROBLEXS 
Developing problem s t ruc tu r ing  calculi  led t o  awareness  t h a t  al l  decision mak- 
ing calculi need to b e  embedded within a framework of qualitatively dist inct  levels 
of knowledge represen ta t ion  (Humphreys dc Berkeley,  1983). The p a p e r  on Han- 
dling uncertainty:  Levels of r ep resen ta t ion  of decision problems (Humphreys & 
Berkeley,  1984a) gives a detailed account of t h e  c h a r a c t e r i s t i c s  of f ive levels of 
r ep resen ta t ion  within decision problems. I t  desc r ibes  re la t ions  between t h e  levels,  
requirements  f o r  decision s u p p o r t  at each  level ,  and implications of t h e  multi-level 
scheme f o r  suppor t ing organizational  decision making. 
Achieving requis i te  decision modelling (Phillips, 1982; 1984) in any p a r t i c u l a r  
situation may r e q u i r e  t h a t  t h r e e  remaining types  of uncer ta in ty  a r e  a l so  resolved.  
Humphreys and Berkeley (1982) identified t h e s e  as :  
(v) P r o c e d u r a l  uncer ta in ty ,  i.e. "uncertainty concerning means t o  handle o r  pro-  
c e s s  t h e  decision,  e.g.  specifiying re levan t  uncer ta in t ies ,  what information t o  
seek  and where ,  how t o  invent a l t e rna t ives  and assess consequences,  e t c . "  
(Hogarth,  Michaud & Mery, 1980); 
(vi) Uncertainty about  how t h e  decision maker will fee l ,  and wish t o  a c t ,  having a r -  
r ived at a subsequent a c t  choice point a f t e r  intervening events  have unfolded 
in r e a l  time; 
(vii) Uncertainty about  t h e  ex ten t  one possesses agency f o r  inducing changes in 
t h e  probabil i t ies of subsequent events (conditional on a c t s  ye t  t o  be  taken,  as 
in (i) above) through being ab le  t o  a l t e r  re la t ions  between s tages  of t h e  world 
(Savage, 1954). 
All these  t h r e e  types  of uncer ta inty  a r e  usually p r e s e n t  in i l l-structured deci- 
sion making si tuations,  t h e  focus of th is  project .  Resolving these  uncer ta int ies  im- 
plies in p rac t i ce  temporari ly "fixing" t h e  way in which a decision problem is  locat- 
ed.  Difficulties in resolving uncer ta int ies  in doing th is  were descr ibed and t h e  
need f o r  a problem s t ruc tu r ing  calculus was identified t o  a r t i cu la te  th is  process .  
The a l ternat ive  "heurist ics and biases" approach  t o  t h e  study of human deci- 
sion making was con t ras ted  as imposing s t r u c t u r e ,  assuming common u n a e r s t a ~ d i n g .  
This l a t t e r  approach  was shown t o  involve (i) t h e  "naturalization" of t h e  small 
world in which t h e  decision problem is  located,  and (ii) t h e  utilization of normative 
models as "ideal types", leading t o  t h e  use of t h e  "bias" argument in discussing sub- 
jects' performance in decision tasks.  
The key advantage of t h e  "levels" framework is  t h a t  i t  permits integration 
a c r o s s  levels: resultis of operat ions  at a higher  level define t h e  const ra ints  at 
lower levels. Moreover t h e s e  levels of problem representa t ion m i r r o r  Jaques' 
(1976) account of levels of abs t rac t ion  of organizational ro les ,  from shop and of- 
f ice  f loor  (level 1 )  t o  managing d i r e c t o r  (level 5). A comparison of t h e  levels within 
Jaques' scheme and requirement f o r  effective decision suppor t  at each level  i s  
summarized in Table 1 ( repr inted from Humphreys, 1984). We consider  t h e  findings 
from this  comparison t o  be  of c ruc ia l  importance f o r  t h e  design and implementation 
of multilevel decision suppor t  systems (DSSs). 
Decision aiding software tools with capabil i t ies at t h e  f i r s t  t h r e e  levels are 
comparatively well developed. These comprise level 1 systems aiming at providing 
"best assessments" (e.g. most management information systems; systems f o r  elicit- 
ing and calibrating probabil i ty assessments), level 2 systems exploring hypotheses 
r a t h e r  than repor t ing  "facts" (e.g. most e x p e r t  systems) and level  3 systems capa- 
ble of captur ing and editing t h e  s t r u c t u r e  of a n  aspec t  of a problem. We identified 
a complete absence in p rac t i ca l  applications of DSS possessing t h e  ability of t o  
work with t h e  decision maker ' s  own problem s t ruc tu r ing  language in linking t o  ap- 
p r o p r i a t e  level  3 systems; abil i ty t o  determine t h e  bounds of a problem through 
scenar io  generation).  The problem h e r e  is  not simply a fa i lure  of automated DSS 
TABLE 1: Comparison of Demand characteristia of tasks facing personnel having responsibilities a r  a 
given organisational level with structuring capabilities required in representing decision problems at 
that level 
(characteristics of levels 8 to 10 can, in theory, be ascertained by extrapolation from levels 3 to 5 
respectively) 
T h e  span 
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Abstracted from E. Jaques: Free Enterprise, Fair Employment (321 
design a t  h igher  levels. Humphreys & Berkeley (1984) conclude: 
"It is not actually advisable t o  at tempt t o  formalize level 5 scenar io  gen- 
era t ion techniques and level 4 probiem s t ructur ing languages into au- 
tomated decision suppor t  systems. A t  level 5, decision makers '  scenar ios  
need t o  be  explored r a t h e r  than fi t ted into formal s t r u c t u r e s .  A t  level 4 
i t  i s  b e t t e r  t o  develop techniques f o r  t h e  psychological validation of t h e  
decision maker ' s  own problem s t ruc tu r ing  language than  t o  t r y  t o  invent 
a universal problem s t ruc tu r ing  language t h a t  will have t o  be  taught from 
s c r a t c h  t o  high level decision makers." (p. 30) 
These findings point towards t h e  following two-fold r e s e a r c h  s t ra tegy:  
1 .  To assemble and s tandardize  specifications on t h e  elements of a l ib ra ry  of 
problem s t ruc tu r ing  methods, each method being programmed as a complete 
software module implementing a level 3 problem s t ruc tu r ing  calculus and sup- 
porting level  2 and level  1 procedures .  The a p p r o p r i a t e  specification of t h e  
contents of any l i b r a r y  of th is  type held by a par t i cu la r  decision 
aiding/decision analysis group o r  institution will depend upon t h e  types  of de- 
cision problems t o  be  handled with i t s  suppor t ) .  
A major technical  objective f o r  t h e  collaborative work within th is  p r o j e c t  will 
thus  b e  bes t  t o  r e s e a r c h  a framework f o r  a catalogue of specifications of de- 
cision problem s t ructur ing methods and software,  f o r  publication by IIASA. 
This catalogue will be  invaluable f o r  DSS r e s e a r c h e r s ,  developers  and imple- 
menters,  as i t  will provide  a unique and comprehensive information r e s o u r c e  
when specifying, assessing and interfacing in teract ive  decision aiding methods 
which have t h e  capabil i ty t o  s e r v e  as elements in decision problems and s t ruc -  
turing l ib ra r ies  of t h e  type outlined above.  
Research is essential  which will provide t h e  basis f o r  t h e  development, valida- 
tion and implementation in p rac t i ce  of DSS providing effect ive  suppor t  at 
higher  levels (i.e. level  4 and above) where i t  is essential  t o  suppor t  t h e  na- 
t u r a l  problem s t ruc tu r ing  languages used by decision makers and by skilled 
decision analysts working interactively with them. 
V. ROLES AND MOTIVATIONS X THE EECISIOW MAKING P R O C E S S  
In designing and using new decision analytic methods, not only t h e  charac -  
t e r i s t i c s  of t h e  decision problem, but a lso  t h e  ro les  and motivations of t h e  par t ic i -  
pants  in t h e  decision-making p rocess  need t o  b e  considered.  
Decision making in a n  organisational context implies a process  with s e v e r a l  
ac to rs .  A s  a basis  f o r  understanding t h e  motivations and  problems of individuals as 
members of organisations Vari and Vecsenyi (1984) have found i t  useful t o  investi- 
ga te  t h e i r  ro les  in comparison with those  of o t h e r  par t ic ipants  in t h e  decision 
making process .  The principle ro les  t h a t  they identified in t h e i r  previous studies 
(Humphreys, Vari, Vecsenyi, 1982; Vari, Vecsenyi, 1983) a r e  those  of dec i s ion  
makers ,  proposers ,  exper t s ,  a n d  p a r t i c i p a n t s  p r i m a r i l y  concerned w i t h  imple-  
menta t ion .  
1. The dec i s ion  makers  have executive power t o  define t h e  use of outputs  of t h e  
decision making. 
2. The proposers  have power t o  make recommendations t o  t h e  decision makers. 
3. The ezper t s '  function i s  t o  supply inputs t o  t h e  cur ren t ly  modelled problem 
s t r u c t u r e .  
4. Those concerned w i t h  implementat ion play a n  ac t ive  r o l e  in t h e  realisation 
of t h e  accep ted  solution. In si tuations where a decision suppor t  system o r  de- 
cision aiding techniques are applied two f u r t h e r  ro les  can  b e  defined. These 
are: 
5. The c l ient  who init iates t h e  decision support .  
6 .  The c o n s u l t a n t s  o r  dec i s ion  a n a l y s t s  who advise on methods of problem 
represen ta t ion  and decision making procedures .  They are in a position t o  fa-  
c i l i ta te  t h e  collaboration of t h e  p a r t i e s  involved, t h e  communication of t h e  
resul ts ,  e tc .  
Another re la ted  a p p r o a c h  t o  t h e  identification of ro les  of par t ic ipants  w a s  
descr ibed by Checkland (1981) from a systems analysis perspect ive .  Checkland 
identified t h e  following roles:  
1. Client:  He who wants t o  know o r  d o  something and commissions t h e  study. The 
implication is  t h a t  h e  c a n  cause  something .to happen as a resu l t  of t h e  study. 
2. Decision t aker :  The r o l e  p layer  in a human activity system who can a l t e r  i t s  
content (its activit ies)  and t h e  arrangements  within t h e  systems (subsystems) 
and who can  decide  r e s o u r c e  allocation within t h e  system. 
3.  Problem owner: He who h a s  a feeling of unease about  a si tuation,  e i t h e r  a 
sense  of mismatch between 'what is' and 'what might be '  or a vague feeling 
t h a t  things could b e  b e t t e r  and who wishes something were done about  it .  The 
problem owner may not  b e  ab le  t o  define what h e  would r e g a r d  as a 'solution!, 
and may not b e  ab le  to ar t i cu la te  t h e  feeling of unease  in any p r e c i s e  way. 
4 .  Problem solver:  A person or persons  anxious to bring abou t  improvement in a 
problem si tuation.  
Despite t h e  a p p a r e n t  similarities, some di f ferences  are a l so  obvious. The most 
important point  i s  t h a t  in Checkland's  system t h e  differentiat ing f a c t o r  is  t h e  ac -  
tors' role as r e l a t e d  t o  t h e  problem c o n t e n t .  In o u r  c a s e ,  however,  i t  i s  t h e  r o l e  
played in t h e  d e c i s i o n  m a k i n g / p r o b l e m  s o l v i n g  process .  From t h e  point of view of 
o u r  assumptions abou t  suppor t ing d e c i s i o n  m a k i n g  a c t i v i t i e s  t h e  l a t t e r  approach  
seems t o  b e  more reasonable .  
Vari and Vecsenyi came to t h e  conclusion t h a t  t h e  decision aiding methods 
should suppor t  t h e  whole decision making p r o c e s s  r a t h e r  than  suppor t ing only t h e  
device itself in t h e  way suggested by t radi t ional  decision theory .  They a r g u e  t h a t  
decision making in organizational  contexts  comprises not  only a s e r i e s  of ac t iv i t ies  
and a t t i tudes  to t h e  problem content  and to t h e  decision making p rocess .  
According t o  t h e  findings of Vari and Vecsenyi, most of t h e  motivational fac- 
t o r s  can  b e  t r a c e d  t o  t h e  d e s i r e  f o r  con t ro l l ing  ( t h r o u g h  u n d e r s t a n d i n g  a n d  
i n f l u e n c i n g )  t h e  t h r e e  p h a s e s  of t h e  d e c i s i o n  m a k i n g  process ,  i.e. gaining o r  
maintaining control  o v e r  (i) t h e  p l a n n i n g  of t h e  d e c i s i o n  (problem s t ruc tu r ing ,  
analysing and proposal  formulating), (ii) t h e  choice  process  and (iii) t h e  i m p l e m e n -  
t a t i o n  of t h e  decision. 
One of t h e  most f r equen t  motivating f a c t o r s  f o r  t h e  decision makers  in apply- 
ing decision suppor t  methods i s  to i n c r e a s e  t h e i r  control  of t h e  d e c i s i o n  m a k i n g .  
A s  pointed ou t  by Pfe i f fe r  (1981), t h e  control  of t h e  decision making i s  one of t h e  
main s o u r c e s  of power in organisations.  In selecting a method which can  provide  
adequate  decision s u p p o r t  we consider  h e r e  t h e  decision maker  as a client .  In th is  
c a s e  t h e  analyst  (consultant)  should help him to inc rease  t h e  con t ro l  o v e r  t h e  de- 
cision making. A more profound analysis  of th i s  f a c t o r  will, however,  cal l  a t tent ion 
t o  t h e  need f o r  distinguishing between control  o v e r  t h e  d i f ferent  phases  of t h e  de- 
cision making p rocess .  
The decision maker ' s  control  over  t h e  p l a n n i n g  i s  maximal when a l l  t h e  s t e p s  
are t aken  by himself (e.g . definition of goals,  options,  outcomes, c r i t e r i a ,  t r ade -  
offs,  evaluations of options and t h e  aggregat ion of d a t a  through decision ru les ,  
etc . ) .  This implies a situation charc te r i sed  as i n d i v i d u a l  decision making within 
an organisational context.  Larichev (1984) calls th is  "holistic choice" in con t ras t  
t o  cases  in which t h e  decision maker has  not enough exper t i se  o r  information f o r  
estimating t h e  a l ternat ive  solutions on his own. 
This type  of individual decision making occurs  relatively r a r e i y  in organisa- 
tional contexts,  and generally in small-scale problems. The complexity of organisa- 
tional problems makes i t  necessary f o r  t h e  decision maker t o  invite expe r t s  t o  sup- 
plement t h e  information lacking f o r  t he  decision. Exper t s  are employed most fre- 
quently f o r  giving assessments about events and outcomes, while t h e  definition of 
t h e  p re fe rence  s t r uc tu r e  is  likely t o  remain under t h e  decision maker ' s  control .  
This is  what Larichev calls  "cr i ter ia-exper ts  choice". This, however, implies a de- 
c r ea se  in t h e  decision maker ' s  control  o v e r  t he  planning, and a wider range  of 
possibilities f o r  them t o  supervise  t he  proposals based on questioning t he  exper t s '  
judgements. 
The decision maker 's  control  over  t h e  planning i s  minimal when t h e  decision 
maker does not par t ic ipate  in i t  at all. In th is  case ,  only expe r t s  a r e  involved. 
However, in using t h e  r e s u l t s  of this kind of decision suppor t  t h e  decision maker 
has maximal f r e e  dom since e i t he r  (i) no proposal will have been put forward by 
t h e  exper t s ,  due t o  lack of information about t he  decision maker 's  p re fe rences  o r  
(ii) t h e r e  will have been a proposal reflecting t h e  expe r t ' s  p re fe rences .  Such 
cases  often occu r  in pract ice .  
A s  f a r  as t h e  contro l  o v e r  t h e  choice i s  concerned, t he  situation is  quite dif- 
f e ren t .  Lock (1983) pointed out  tha t  "it i s  remarkably difficult f o r  a manager in a 
supposedly ' rat ional '  r o l e  t o  a rgue  against a supposedly rationally derived solu- 
tion t o  a decision problem". Consequently, t he  more involved is t h e  decision maker 
in t h e  planning process ,  t h e  more uncomfortable h e  will feel  about revising these  
resu l t s  which are opposed t o  his intuitions. 
Beside des i re  f o r  control  ove r  t h e  planning process  o r  o v e r  t h e  choice,  t h e  
th i rd  most important f a c t o r  motivating t h e  decision maker 's  use of decision aids i s  
des i re  f o r  t h e  con t ro l  o v e r  t h e  i m p l e m e n t a t i o n  p r o c e s s .  For t h e  decision maker, 
i t  i s  important in th i s  phase  (i) t o  understand t h e  opinions and t he  fu tu r e  
behaviour of those concerned with t h e  implementation, and (ii) t o  ensure  t ha t  t h e  
p resc r ibed  solutions are accepted.  
Understanding and considering t h e  opinions of those  concerned with t h e  im- 
plementation of a decision may obviously increase  'the chance of selecting a feasi- 
ble solution. One way of ensuring this  is t o  use decision support  methods which in- 
volve t he  stakeholders '  full part icipation.  Facilitating discussions and t h e  partici-  
pation in t h e  formulation of t h e  proposal  may e n s u r e  t h e  par t ic ipants '  internali- 
sation of t h e  solution. 
Another way of promoting accep tance  does  not  necessar i ly  involve t h e  par t i -  
cipation of those  concerned with t h e  implementation in t h e  whole decision making 
process .  I t  suffices to explain t o  them t h e  final proposal  which may possibly have 
been produced with t h e  aid of contributions from e x p e r t s  and analys ts  as well as 
from institutions of high s ta tus .  In th is  c a s e  t h e  accep tance  of t h e  r e s u l t s  can  b e  
promoted through a second well known psychological mechanism f o r  adjustment, 
i.e. t h e  ictentzfication of those  concerned with t h e  implementation with t h e  pe r -  
sons who genera ted  t h e  solution. 
In summary, i t  must b e  emphasized t h a t  d i f ferent  motivations c a n  usually b e  
se rved  by d i f fe ren t  methods which - if applied simultaneously - can  complement 
each  o t h e r ,  but  can  b e  con t rad ic to ry  a s  well. Given aTrrareness of such conflicting 
requirements ,  a decision analys t  o r  DSS designer  h a s  t o  decide in each  pa r t i cu la r  
c a s e  (i) which a c t o r  in which r o l e  on which level  with which motivations should b e  
se rved ,  (ii) which act iv i t ies  in t h e  decision making p r o c e s s  should b e  aided,  and 
(iii) which methods and r e l a t e d  computer-based sof tware  modules if any should b e  
applied a s  a n  aid to each  activity.  
VI. CASE STUDIES ORGANIZED WITHIN THE CONCEPTUAL FRAME; 
LN REAL WORLD HIGH LEXEL DECISION MAKING 
Testing t h e  re levance  of t h e  conceptual  frameworks descr ibed above r e q u i r e s  
a r e a l  world decision making l abora to ry  f o r  t h e i r  successful  implementation. By 
th i s  w e  mean a facil i ty where  t h e  ac tua l  decision makers  can  meet to work t o g e t h e r  
on t h e  ac tual  decision problem they a r e  cur ren t ly  facing suppor ted  by decision 
analysts  and decision aiding systems. In aiding decision making d ic ta tes  above  level  
3, t h e  p resence  of a specia l is t  decision analyst  is  essential ,  and problem formula- 
tion and solution at t h e s e  levels  r e q u i r e s  t h e  use  of g roup  p rocesses  which cannot 
b e  formalized into automated systems. However, t o  b e  ef fect ive ,  high level  decision 
making must include a p p r o p r i a t e  suppor t  a t  a l l  lower levels,  implemented h e r e  
through t h e  selection of a p p r o p r i a t e  decision aiding systems from a l i b r a r y  of 
problem s t ruc tu r ing  methods. The n a t u r e  of t h e  r e s e a r c h  w e  have desc r ibed  r e -  
qu i res  also t h a t  key a s p e c t s  of t h e  in teract ions  between t h e  decision makers ,  deci- 
sion analysts  and decision aiding systems must a lso  b e  monitored in forming a n  
evaluation of t h e  use  of any pa r t i cu la r  decision aiding technique on DSS. However, 
th i s  monitoring p r o c e s s  must n e v e r  become in t rus ive  or a p p e a r  r e s t r i c t i v e  t o  t h e  
decision makers  while working on t h e  problem f o r  r e a l  r a t h e r  than acting as "sub- 
jects" o r  guinea pigs, trying to handle what would quickly become toy problems. 
Decision conferences  provide a ' na tural  laboratory '  in which t h e  problem solving 
process  can be studied, while still meeting t he  requirements s e t  out  above. 
The r e sea r ch  plan f o r  t he  IIASA collaborative p ro jec t  on Evaluation of Deci- 
sion Support  Systems provides f o r  t h e  participants in this collaboration to develop 
case  studies on t h e i r  own development and application of decision suppor t  systems 
and decision aiding methods, making use of t he  conceptual framework we have out- 
lined above in ways appropr ia te  f o r  each case. The review and revisions in t h e  
light of t he  insight gained and comments made in subsequent group discussions of 
meetings of a l l  t h e  major par t ic ipants  in t h e  p ro jec t ,  t h e  revised case  studies will 
f o r m  c h ap t e r s  within a book on Experiences in DSS construct ion for Problem 
S t r u c t u r in g  t o  be  published through IIASA. The book will a lso  contain an initial 
c h a p t e r  providing a general  introduction and survey,  and a chap t e r  identifying im- 
plications f o r  development and application of decision aiding techniques and deci- 
sion support  systems. 
W. A SUPPORTING CATALOGUE OF METHODS FOR 
DECISION PROBLEM STRUCTURING 
A supporting aim of this aspec t  of t he  r e s ea r ch  within t h e  f rame is t o  assem- 
ble a catalogue of specifications of methods which could be  implemented as modules 
in a l ib ra ry  of problem-structuring methods, f o r  two purposes:  (i) t o  increase  t he  
frequency with which high-level decision makers utilize t h e  available problem- 
s t ructur ing methods in t he  solution of ill-defined decision problems, and (ii) to  gen- 
erate DSSs tha t  can help t he  analyst  o r  consultant to s t r uc tu r e  novel problems in 
such a way t ha t  t he  decision maker is  ab le  t o  function effectively. 
This catalogue will be  published through IIASA as an  information resource  f o r  
DSS developers and decision analysts.  The en t r i es  in t h e  catalogue will be  based on 
sel f - repor t  by t h e  method developers in response to a questionnaire developed in a 
form consistent with t he  of th is  paper .  This means t ha t  members of t h e  p ro jec t  
team f o r  t h e  collaborative r e sea r c h  and IIASA will not be  able  t o  t ake  responsibili- 
ty f o r  t h e  accuracy  of t he  descriptions in t h e  catalogue. Instead, t h e  catalogue 
will s e r v e  t o  inc rease  awareness of potential methods and t o  establish liaisons 
between method developers  and method users .  
Ideally, methods included in this catalogue (and software implementing them) 
will meet t h e  requirement t ha t  they have capabil i t ies a t  each of t h e  following lev- 
els: 
Level 3: res t ruc tur ing  capability within a par t i cu la r  s t r uc tu r a l  var iant  o r  
"frame!' (establishing new c r i t e r i a )  
Level 2: assessing judgement on a var iable  within a fixed s t r uc tu r e  (e.g. "what if" 
models) 
Level 1 :  judgement within fixed s t r uc tu r e  (e.g. with information re t r i eva l  s e r -  
vice) 
Crucial objectives which must be achieved in assembling any decision problem 
st ructur ing l ib ra ry  consist of knowing how to  specify charac te r i s t i cs  of modules 
included in, o r  requ i red  f o r  inclusion within t h e  l ib ra ry  at each of these  t h r e e  lev- 
els. Existing modules which might be  included in t h e  l i b r a ry  also need t o  b e  as- 
sessed in terms of t he i r  capabil i t ies at each  of these  levels, identifying s t reng ths  
and weaknesses, and possibilities f o r  fu tu re  development. 
The catalogue will also contain guidelines specifying t h e  charac te r i s t i cs  of 
modules which could potentially be  included in an  appropria te ly  specified l ib ra ry .  
These guidelines should enable an  applications requirement t o  b e  intersected with 
modules appropr ia te ly  specified. 
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APPENDIX UASil C 3 W O R A T F . T  PROJXCT 
ON FJALUATION O F  DECISION SUPPORT SYSTEMS 
A. ORGLWSATICN CH THE PIiOJECT 
The IIASA col laborat ive  p ro jec t  on Evaluation of Decision Suppor t  systems is  
designed t o  provide a const rnct ive  f r a m e w o r ~  f o r  internatiofiai coilaboration 
between r e s e a r c h e r s  of t h e  East  and West. I t  i s  based on a c o n t r a c t  between IIASA 
and t h e  Hungarian il'ational member organization,  t h e  Bureau of Systems Anaiysis 
of t h e  Hungarian S t a t e  Office f o r  Technical Development. 
This c o n t r a c t  provides  suppor t  f o r  t h e  internationai  collaboration involved in 
t h e  work desc r ibed  below. Par t i c ipan t s  in t h e  p r o j e c t  have a r r a n g e d  t o  fund t h e  
components of t h e  work c a r r i e d  ou t  in t h e i r  own institutions, (development and 
p repara t ion  of c a s e  studies,  compiling t h e  catalogue,  e t c . )  through p r o j e c t  sup- 
por ted  separa te ly  within t h e i r  institutions. The responsibil i ty f o r  a r rang ing  t h e  
nationai components of t h e  work l ies with these  individual institutions and not  with 
IIASA. 
This p r o j e c t  a t tempts  to provide a framework f o r  designing and selecting 
decision suppor t  systems (DSSs) f o r  s t ruc tu r ing  ill-defined decision problems 
based on a cross-cul tura l  comparative study evaluating DSSs in d i f fe ren t  coun- 
t r i e s .  The internationai  network of t h e  p r o j e c t  w a s  c r e a t e d  with t h e  par t ic ipat ion 
of t h e  following col laborat ive  g roups  in Hungary,  UK, USA and USSR. 
In t h e  Soviet  Union at VNIISI, P r o f e s s o r  0 .  Larichev,  D r .  H: Moskovich and 
t h e i r  colleagues are working on application and development of multidimensionai 
scaling and semi-ordering methods in decision-making, and on t h e  psychological 
vaiidation of DSSs. 
In t h e  UK at t h e  LSE, P .  Humphreys, L. Phiilips, S .  Wooler and t h e i r  col- 
leagues a r e  developing a n  applying in te rac t ive  decision aiding method which pro-  
vides ef fect ive  suppor t  f o r  decision maiting at all levels. Lower level  suppor t  
modules have  been programmed as in teract ive  sof tware ,  while h igher  level  s u p p o r t  
r e l i e s  upon analysis  of decision m a ~ e r s  n a t u r a l  problem s t ruc tu r ing  language and 
t h e  use of decision conferencing techniques.  At t h e  Manchester  Business School, 
P r o f e s s o r  A. NIcCosh i s  using DSS software modules in s t r a t e g i c  pianning applica- 
tions. 
In t h e  USA, P r o f e s s o r  D. Gustafson at t h e  University of Wisconsin and W. 
Cats-Baril at t h e  Universi ty of Vermont are developing s e v e r a l  decision a ids ,  
impiementing a n  analysis  where  t h e  computer  would guide people  into thinking 
about how they would plan f o r  implementation e f fo r t s .  
In Hungary at t h e  Bureau f o r  Systems Analysis (OMFI3 REI), A. Vari ,  Z. P a p r i k a  
and J. Vecsenyi are investigating t h e  conditions under  which t o  use  new decision 
technology in ill-defined decisions finds successful  applications.  
The groups  identified above have a g r e e d  t o  c a r r y  ou t  col laborat ive  r e s e a r c h  
through IIASA in t h e  collection, development, field tes t ing,  and publication of 
deta i l s  of decision s u p p o r t  methods and associa ted  guidelines, as a contr ibut ion t o  
t h e  solution of s t r a t e g i c  decision problems by top-level decision makers.  
The r e s e a r c h e r s  from LSE, OMFB-RE1 and VNIISI have previously made com- 
pa ra t ive  analysis  of t h e  Application of Decision S u p p o r t  Systems in R and D Deci- 
sions, as p a r t  of IIASA's Management and Technology Area,  Task 2: 1981-1983; th i s  
work i s  desc r ibed  in a s e r i e s  of IIASA Collaborative P a p e r s  and t h e  analysis  i s  
summarized in a book developed from t h e  IFIP WG8.3 Working Conference on 
Processes and Tools for Decision Support, held at IIASA in 1982 (Humpnreys, Vari 
and Vecsenyi, 1982; Humphreys et al., 1983). 
B. OBJECTIVES AND SCOPE OF THE PROJECT 
The p r o j e c t  on Evaluation of Decision Suppor t  Systems is  a continuation and 
development of (i) t h e  IIASA p r o j e c t  on Comparative Analysis of t h e  Application of 
decision S u p p o r t  Systems in R and D decisions: 1981-1983; and of (ii) t h e  r e s e a r c h  
activit ies of members of t h e  international  network of t h e  col laborat ive  g roup  in 
Hungary, UK, USA, USSR concerning t h e  use of decision theory  and methodology in 
organizational  context .  
a a s e d  on t h e  a p p a r e n t  increas ing demand f o r  using decision suppor t  systems 
in solving complex decision problems and a lso  on t h e  accumulated exper iences  in 
decision analysis  and DSSs development t h e  following object ives  will b e  achieved: 
1. Reviewing of methods f o r  supporting t h e  s t ruc tu r ing  and solving of ill-defined 
unique decision problems. The methods will include both those  t h a t  can  b e  
used by t h e  decision makers  independently of e x t e r n a l  consultants and those  
designed f o r  use by decision analysts  working toge the r  with t h e  decision mak- 
ers. 
2. Providing a framework f o r  designing and se lec t ing decision s u p p o r t  systems 
(DSSs) f o r  s t ruc tu r ing  ill-defined decision problems. 
3. Providing a basis f o r  a cross-cultural  comparative study on exper iences  in 
problem solving DSSs construction and application in di f ferent  countr ies  
through a n  international network of collaborating groups.  
C. EXPECTED FINAL RESULTS 
A t  t h e  end of t h e  p ro jec t  t h e  final r esu l t s  will be  published through IIASA and 
probably through o t h e r  publishing channels. The published resu l t s  will comprise: 
1. A book of exper iences  on DSS construction f o r  problem s t ruc tu r ing  compris- 
ing a n  in t roductory c h a p t e r  on frameworks useful in DSS construction and 
application, a n  international s e r i e s  of c a s e  studies developed by t h e  part ici-  
pants  in th is  p ro jec t ,  and a final summary c h a p t e r  making comparisons a c r o s s  
t h e  case studies (methodological, cultural ,  resui ts )  and pointing towards t h e  
development of theory  DSS f o r  problem s t ructur ing.  
2. A comprehensive review of those  methods (existing software implementing 
those  methods which provide a r e s o u r c e  basis f o r  decision problem s t r u c t u r -  
ing l ibrar ies .  This will b e  supported by a catalogue of methods and guiaeiines 
f o r  t h e i r  selection and use  in p rac t i ca l  applications. 
D. PHASES OF THE PROJECT 
The program of the  p r o j e c t  consists of a p r e p a r a t o r y  phase ,  followed by a 
main phase  ending on 31 December 1985. I t  comprises a to ta l  of 15 tasks .  
In t h e  preparatory phase a conceptual  frame f o r  t h e  p ro jec t  will be  formu- 
lated and t h e  in f ras t ruc tu re  of t h e  international collaboration will b e  established 
f o r  t h e  main phase.  The p r e p a r a t o r y  phase  w a s  completed at a task  f o r c e  meeting 
in Budapest, 11-13 February  1985. 
In t h e  main phase, r e s e a r c h e r s  are studying t h e  history of t h e  solution of a 
group of decision problems throughout t h e i r  various stages:  recognition of t h e  
problem situation, calling f o r  decision analysis, selection of a problem-solving pro- 
cedure ,  definition and s t ruc tu r ing  of t h e  problem within t h e  na tu ra l  language of 
t h e  par t ic ipants  in t h e  decision making p rocess  and through t o  recording t h e  
problem, represen ta t ion  actually used as a basis f o r  describing p rocedures  ( inter-  
viewing t h e  decision analysts,  t h e  choice  and use of confidential questionnaires 
with t h e  par t ic ipants ,  and s o  for th) .  
This means t h a t  approaching t h e  problem by monitoring t h e  decision s t ruc tu r -  
ing phenomenon as a whole. Based on t h e  recording,  c0dir.g and analysis of t h e  
information ga thered ,  models supporting i l l-structured decision si tuations in a n  
organizational context  c a n  b e  f u r t h e r  developed. The case s tudies  will b e  
developed through discussion and comparative analysis within t h e  group of par t ic i -  
pants  with a view t o  fu tu re  publication. New theoret ica l  findings will need t o  b e  
developed through this  work, and these  will form a major f e a t u r e  of t h e  book t o  b e  
writ ten summarizing t h e  resu l t s  of t h e  case studies. 
E. TASKS OF THE PROJECT 
1. Planning meeting f o r  t h e  p ro jec t .  
2. Establishing t h e  i n f r a s t r u c t u r e  of t h e  project .  
3. Creating t h e  conceptual  framework of t h e  project .  
4. Pilot recording and analysis by each par t ic ipant  of use of a n  in teract ive  deci- 
sion aiding method o r  DSS, meeting t h e  c r i t e r i a  outlined above and p repar ing  
a case study f o r  t h e  task-force meeting. 
5. Organizing t h e  February  1985 task-force meeting. 
6. Finalizing t h e  questionnaire and guidelines f o r  (i) t h e  decision problem s t r u c -  
turing method catalogue,  (ii) case study book and comparative analysis. 
7. Forming t h e  specification of a decision s t ruc tu r ing  program catalogue,  based 
upon method-developer se l f - repor t s  t o  t h e  specifications questionnaire.  
8. Conducting (by individual par t ic ipants)  decision anaiyses using decision aiding 
o r  decision suppor t  methods including t h e  selection and use  of modules identi- 
fied in 7. 
9. Elaborating t h e  exper iences  ra i sed  through t h e  decision analyses c a r r i e d  out 
in 8. 
10. Exchanging case studies within t h e  network, and providing feedback t o  
analysts,  facil i tated through a meeting of the  p ro jec t  team in Helsinki, August 
1985. 
11. Evolving a framework f o r  reviewing and describing t h e  case studies with 
emphasis on t h e  ro le  of problem s t ruc tu r ing  language and i t s  r o l e  within deci- 
sion analysis. 
12. Revising and completing t n e  specification of t h e  decision problem s t ruc tu r ing  
method catalogue.  
13. Completing t h e  c a s e  study book and comparative study.  The schedule of t h e  
t a s k s  is  shown in Table 2. 
Table 2. Schedule f o r  t h e  t a sks  of t h e  p ro jec t .  
1 
i Tasks 1984 1985 I Sept .  Dec. Feb. Apr. Jul. Oct. Dec.1 
Planning meetings f o r  
t h e  p r o j e c t  
Establishing t h e  infras-  
t r u c t u r e  
Creating t h e  conceptual  
framework 
Pilot  r ecord ing  and c a s e  
studies 
Design of method ques- 
t ionnaire  and  guidelines 
Task f o r c e  meeting in 
Budapest, 11-13 Feb. 
Building a cata logue of 
methods 
Decision analysis  case 
study p repara t ion  
Elaborating tine exper i -  
ences  of decision 
analysis  
Exchanging case studies 
Evolving a framework 
f o r  problem reviewing 
and descr ib ing case stu- 
d ies  
Completing specification 
of t h e  ca ta logue 
Completing t h e  case 
study book 
